The vibrational relaxation lifetimes of the CO stretching mode of Cr(CO)6 and Mo(CO)6 adsorbed in the cage of the HY, DY and NaY-type zeolites were measured at various temperature by pump-probe method using picosecond infrared laser pulses. It was shown by comparing the lifetimes that the accepting modes include both the vibrational modes of the metal carbonyl and those associated with the cations on the zeolite surface. The analysis of the temperature dependence of the lifetimes revealed that the number of the excited accepting modes are four with their energy lying around 500cm-1.
INTRODUCTION
Species adsorbed in zeolite offers a good model system for the study of vibrational relaxation process on a solid surface [1] [2] [3] [4] [5] [6] [7] . In the present study, the vibrational relaxation lifetimes of the CO stretching mode of Cr(CO)6 and Mo(CO)6 adsorbed on the HY, DY and NaY-type zeolites were measured at various temperature by pump-probe method using picosecond infrared laser pulses. Here the term AY-type (A H, D and Na) implies that the structure of the zeolite is Y-type *Corresponding author. and A + cation is incorporated on a surface of the cage. Since the metal carbonyl is physisorbed at the cation site and the system is appropriate for the investigation of the mechanism of vibrational relaxation from a polyatomic molecule to a solid surface through a weak interaction.
EXPERIMENTAL
The zeolite powder was pressed to a self-supporting disk and was placed in a quartz IR cell evacuated by an oil rotary pump to 10 -3 Torr. The disk was exposed at room temperature to the vapor of metal carbonyls and the atmosphere inside the cell was replaced by 60Torr of carbon monoxide. The temperature of the cell was controlled in the region from 100 K to 900 K by flowing liquid N2 and resistive heating. The lifetimes were measured by the pump-probe method using picosecond IR pulses. The frequency-tunable (1400-4000cm-1) picosecond IR pulses were generated by the combination of optical parametric generation and amplification (OPG/OPA) and difference-frequency generation (DFG) [8] .
RESULTS AND DISCUSSION
The obtained lifetimes at 110 K are listed in Table I . According to the theory of vibrational relaxation derived by Nitzan and Jortner [9, 10] , vibrational lifetime at low temperature is dependent on the anharmonic coupling between the excited mode and accepting modes. The amplitude of the anharmonic coupling is determined by the combination of the excited and accepting modes. Thus, the difference in the lifetimes for HY and DY-type zeolites suggests that the vibrational mode including the cation on the surface is one of the accepting modes (5) because the only difference between the HY and DY-type zeolites is the mass of the cation. On the other hand, the difference of the lifetimes for the two metal carbonyls indicates that the vibrational modes also inside the metal carbonyl is included in the set of accepting modes.
The rate constants of vibrational relaxation, i.e., inverse of the lifetimes, are plotted as a function of temperature in Figure 1 Although the absolute values of-), differ by the system, temperature-dependent features are so similar and are in good agreement with the lines calculated for N =4. This indicates that the number of quanta excited at accepting modes of main relaxation path is four and the energy lies around 500 cm-1 independent of the system.
